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^0 IMPACT-TYPE fiAETHOD AND APPARATUS FOR INSPECTING STRUCTURED 



to' 

^® A method of Inspecting structures is disclosed 
^wherein a pressure sensor or an acceleration sensor 
IXjIs mounted on a hammer that Imparts non^ 
COdestnjctlve impact to a material that Is to be mear 
Qsured, and a signal produced by striking the material 
with the harnmer Is used to Indicate the period of 
gjtlme of contact of the hammer with the material or. a 
processed signal, there are also disclosed means 
for processing the signals for ssud time measure- 



ment or discriminatk)n, means for removing impact 
drive force by using a signal from the sensor as 
soon as the hammer comes in contact with the 
material for said measurement 
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Descripttpn 
METHOD OF AND APPARATUS FOR IMPACT-TYPE 
INSPECTION OF STRUCTURES 

T^ghPUal Field 

5 The present invention relates to a method of and 

apparatus for inspecting the condition inside a structure 
or the like to be inspected, by applying an impact by a 
hammer to a surface portion of the structure or the like, 

Background Art 

10 It is known that where an object involves a 

change in its internal structure, for example its. thickness 
is not even or it includes a support or column inside, a 
change occurs in the sound it produces when its surface 
portion is hit. This is because, while the object 

IS undergoes vibration and produces sounds as it is subjected 
to impact force applications, the frequency and the 
waveform of the sound it generates undergo changes in 
accordance with changes in the rigidity and the density of 
the object haying changes in its internal structure. This 

20 phenomenon takes place also where such as a peeled portion 
and a crack are present inside the object. Thus, it has 
been practiced in the art to make use of this phenomenon 
and inspect an internal defect in an object by applying an 
impact force to the object and examining the sounds then 

25 generated. 
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Generally, such impact-type inspections of 
objects are carried out by a skilled inspector in a manner 
such that the inspector applies striking at a variety of 
points on an object to be inspected, using a small-sized 
g hammer exclusively for striking, such as. a one called a 
test hammer and a one called a coin tap hammer, and the 
inspector exercising his or her acoustic organ, detects a 
change in the sounds then generated. Inspection methods of 
this type are widely relied on in for example the peeling 
10 exfoliation inspection in honeycomb boards or plates, 
the peeling inspection of tiles, the crack generation 
inspection in concrete-placed objects or in various mate- 
rials, the float inspection of decorative cement mortar on 
surfaces of concrete bodies, the locational detection of 
pillars, ribs, cores or the like present internal to or 
behind for example wall plates* 

However, the above conventionally known impact- 
type inspection methods involve various shortcomings and 
difficulties such as CI) structural defects cannot or can 
20 h^^dly be detected unless the inspection is done by a 
skilled inspector; (2) in carrying out the inspection over 
a broad are^a, it becomes increasingly difficult to effect 
the detection of defects as the inspection is continued 
increasingly for a long period of time and as the 
25 inspector's nerves then become increasingly fatigued; (3) 
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where an abnormal part is present relatively distant from a 
normal part in an object to be inspected, it tends to occur 
that the inspector cannot keep in memory a sound which the 
inspector has previously detected, when the inspector can 
no longer make the required Judgment; C4) where an object 
to be inspected is located in a dangerous place and is not 
accessible* it is infeasible to operate the inspection; (S) 
the inspection operation cannot be automated; and (6) the 
inspection cannot be carried out at noisy sites or places. 

Then, i t has already been devised in the art to 
mechanize the inspection relied on manual operations, and 
there have been proposed impact- type inspection apparatus 
in which a hammer is mechanically driven, sounds generated 
from an object to be inspected are converted to electric 
signals by a microphone and subjected to a frequency 
analysis, and judgment of timbres is made by means of a 
speech recognition to effect the inspection of abnormali- 
ties in the object. 

As can be readily perceived from the foregoing, 
the . conventional impact-type inspection apparatus are 
designed to effect discrimination between a normal part and 
an abnormal part in an object by a frequency analysis or 
a judgment of timbres relying on a speech or sound recog- 
nition means, so that the inspection operations have to be 
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complex and, in addition, it is required to alter the 
standard or criterion for the judgment in carrying out 
inspections of different objects* Thus, there exists a 
demand for improving the. known inspection methods and 
apparatus. 

; Disclosure of the Invention 

It is an object of the present invention to 
provide a method of inspecting the condition of a structure 
by colliding a hammer provided with a sensor capable of 
detecting a change in the reaction force the hammer 
receives from the structure as it is hit against the 
structure, and effecting the inspection based oh signals 
put out from the sensor. 

It also is an object of the invention to provide 
apparatus for carrying our the method, by which the 
Intended inspection is effected by collidihs the hammer 
against a structure to be inspected by an automatic hammer 
driving means. 

The impact-type structure inspection method for 
attaining the above objects according to the present 
invention is characterized by hitting an objective or a 
candidate structure for the inspection with a hammer which 
can apply a non-destructive impact force against the 
structure and which is equipped with a force detecting 
sensor or an acceleration detecting sensor, and displaying 
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either a characteristic in the waveform of signals produced 
during the contact of the hammer vith the structure or the 
result o^f an abnormality judgment made based on; the 
waveform characteristic; 
5 Characteristics which may be displayed include 

such as the length of time between the hammer is contacted 
With an object to be inspected and it leaves the object; a 
waveform which may be displayed in close proximity to a 
reference waveform serving as judgment standard or crite- 

10 rion; two portions of the above length of time, one up to 
and the other after a peak in the waveform taken of the 
length of time; the rise angle and the fall angle in the 
above waveform; the two portions iri the waveform area 
divided at the peak value; values of functions having the 

15 values of the above various cha;.*acteristics as factors; and 
the result of comparison of the above functional values 
With reference values. 

Objects and structures for. inspection accordinff 
to the present Invention are for example such as bridges , 

20 other structural matters assembled and fastened by bolts, 
rivets or the like, honeycomb structural bodies, structural 
matters comprising concrete-placed members or the like, 
istructures comprising a concrete-made body haying a decora- 
tive surface layer of cement mortar, bui Iding- type 
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structures comprising for example wood frames applied on 
surfaces thereof with wial I panels made of for exampU 
gypsum boards. 

Points or items of which the inspection can be 
5 made according to the present invention are, in the cases 
Of the above exemplified structures, such as the condition 
of fastening by bolts, structural defects such as floating 
of surface panels in honeycomb structures, the generation 
of cracks in concrete-made bodies, floating of cement 
mortar layer, locational detection of wood frames 
supporting wall panels and so forth. 

Brief Description of the Drawing^ ' 
Fig. 1 is a schematic view, showing an impact- 
type structure inspection apparatus utilizing a manually 
j^g operated hammer, according to a first embodiment of the 
present invention; 

Fig. 2 is a view, illustrating the principle of 
the determination made with use of the apparatus of Fig. 
' ■ 1; 

20 3-A is a View, showing the instance in which 

a honeycomb structure Is inspected using, 'the apparatus of 
Fig. l; 

Fig. 3-B is a view, showing the instance in which 
a bolt-fastened structure is inspected using the apparatus 
25 of Fig. l; 
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Fig. a-'C is a vieWt showing the instance in which 
a concrete-placed structure Is Inspected using the 
apparatus of Fig* 1; 

Fig. 3-D is a view, showing the instance in which 
5 an inspection using the apparatus of Fig. 1 is made of a 
structure in which a wall surface is formed on, joists or 
like supports; 

Fig. 4 shows waveform charts obtained as a result 
of the inspection illustrated in Fig. 3-A; . 
10 Fig. 5 shows a sectional view of a hammer driving 

part, representing a second embodiment: 

Fig. 6 show? a block diagram of a control 
circuit for the hammer driving part shown in Fig. 5; 

Fig. 7 shows a block diagram of a judgment 
15 circuit in the control circuit shown in Fig. 6; 

^ Fig. 8 shows a block diagram of a display circuit 
in the circuit shown in Fig. 7; 

Fig. 9 is a side elevational view of a portable 
apparatus for impact-type, structure inspection, incdrpo- 
20 rating the hammer driving part shown in Fig. 6; 

Fig. 10 shows a timing chart, taken for an 
illustration of the operation in the case of the second 
embodiment; 

Fig. XI is a view, taken for an illustration of 
25 procedures for modulation of a waveform; 
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Pig. 12 to Fig. 14 respectively show a sectional 
view of a hammer driving part; 

Fig, 15 is a schematic view, t^ken for an 
illustration of the processing of detection signals in a 
third embodiment of the invention in which a manually 
operated hammer is used and the inspection is made using 
pulse display means; 

Fig. 16 is a schematic view, taken for an 
illustration of the processing of detected signals in a 
modified example of the third embodiment in which a pulse 
waveform analyzing means is incorporated; 

Fig. 17 (a) to Fig. 17 (c) are views, showing 
various means lor dislplaying waveform^ characteristic 
values; 

Fig. 18 is a view, showing an instance in which a 
bolt fastened portion is inspected using the apparatus 
shown in Fig. 16; 

Fig. 19 is a model view, showing the behavior of 
the structure in the carrying out of the inspection 
illustrated in Fig. 18; 

Fig. 20 shows typical waveforms determined in the 
inspection represented in Fig. 18; 

Fig. 21 (a) to Fig. 21 (d) show various waveforms 
determined in the inspection illustrated in Fig. 18; and 
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Fl«. 22 (a) to Fig. 22 (c) show pulse waveforms 
determined when a honeycomb structure is inspected using 
the apparatus represented in Fig. 16. 

Best Mode for Carrying Out the Invention 

For the sensor to be mounted on a hammer 
according to the present invention, useful are such as 
piezoelectric sensors, accelerometers and strain gauges. A 
piezoelectric sensor or a strain gauge is preferably 
mounted at a front end portion of the hammer, while an 
accelerometer is preferably attached at a rear end portion 
of the hammer, but the above is not limitative. 

Where the hitting or striking and the 
determination or measurement can be continuously operated 
using an automatic driving device as later to be described, 
for example as in carrying out the intended inspection over 
a broad area on for example a building, it is possible to 
parallel arrange aiplurality of inspection apparatus, and 
operate the inspection with the inspection apparatus moved 
simultaneously. 
[Example 1] 

Fig. 1 is a schematic view, showing a structure 
inspection apparatus utilizing a hand operable hammer.. As 
illustrated, the apparatus includes a hammer 2 for striking 
or hitting, which is provided with a force detecting sensor 
4 or an acceleration detecting sensor, of which while the 
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force detecting sensor 4 is preferably equipped close to 
the front or leading end of the hammer 2, the acceleration 
detecting sensor may. be disposed on a:ny portion of the 
hammer. 

Further, the hammer 2 may comprise either an 
automatic hammer which can automatically apply impact, 
forces to an object to be inspected 6 or a hand operable 
hammer* In Fig. 1, the reference numeral 8 denotes a 
handle of the hammer and the numeral 10 represents a lead 
wire for detection signals. 

Electric signals of a pulse wavfiform detected by 
the force detectig sensor 4 are introduced in the first 
place into a pulse length- culculation circuit 12 and 
thereby converted into voltages proportional to the pulse 
lengths, shown by B values, or into digital signals. 

Freparatively, a B value detected at the time 
when the hammer 2 strikes a normal part in a structure may 
be kept in memory in a reference pulse length memory 16 by 
operating a switch 14 to issue a necessary direction. This 
memorized reference value may be referred to as Be. 

In operating the intended inspection, then, the 
value B determined of the signals of the pulse length and 
the reference value Bo are introduced into a comparator 
circuit 18, and the difference Ci between the two values. 
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namely Gt = B - Ba. a ratio C2 of B to Bo, namely Ga = 
B/Bb, or a ratio C3 of B - Ba to Ba, namely G3 = (B - Be)/ 
Ba is calculated. 

Any Qf the above values Ci, C2 and C3 may be put 
into a display device 20, and chanses from a normal value 
are made perceivable by any of the emission of light or 
sound and the display of any of numerical values, letters 
and symbols. 

The inspection of an object to be inspected, 
namely the judgment as to whether the object involves an 
abnormality, according to the present embodiment having the 
above described features , can be carried out* by detecting 
and determining the contact time of the ' hammer head with 
thei object* This possibility is realizable for the 
following reasons ascertained by the inventors of the 
present invention. 

Assuming that the mass of the hammer 2 for 
imparting impact forces to the object to be inspected 6 is 
m and that the object 6 rebounding the hammer 2 comprises a 
spring having: a spring constant K, the behavior of the 
hammer 2 during the time when the hammer 2 commences 
contact with the object 6 and it then leaves the object 6 
can be illustrated by modelling as in Fig. 2. If the 
displacement of the hammer 2 after it contacted the object 
6 is X, then the equation of motion of the hammer is; 
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m + Kx = 0 • (1) 

dta 

wherein t is the time and d shows different ial . 

If at the time when x = 0 and t = 0, that is to 
say, at the moment the hammer contacts the object, the 
5 velocity of the hammer is V, then: 

) X = CV/08)sin !»Bt C2) 

wherein a>8 = vK/m • 

Thus, the force F actizig on the hammer is: 
F = Kx = (EV/<i»9)sin ©at (3>. 

. d^x 

10 Also, the acceleration of the hammer, A = , 

' dt2 

comes to be A =• - Vo^e^sift .a>et (4). 

On the other hand, the time T during which the 
hammer keeps contact with the object is the time during 
which the hammer moves the distance of the displacement, x 
15 and returns to the original position, and from the above 
equation (2) at the time ^hen x « 0, it is shown by: 

T ^ Tif^z = TTv^ m/K (5) 

wherein TT is the ratio of the circumference of a circle to 
i ts diameter. 
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Thus, the time of the contact together of the 
hammer and the object is variable depending on the mass of 
the hammer and the spring constant K of the object. That 
is to say, if the mass of the hammer is constant, then the 
5 contact time T of the hammer with the object depends on the 
spring constant of the object, and now that where the 
object involves a defect or an abnormaility, the spring 
constant at the location of the defect or abnormality shows 
a change, it is possible to find whether the object 

10 involves a defect or an abnormality by detecting or 
measuring the contact time T of the hammer and the object. 

It is obvious that while the force F shown. by the 
above equation (3> and the acceleration A Shown by the 
equation (4) have finite values during the contact time T, 

15 they become 0 when the hammer and the object are parted 
from each other. 

Therefore, by measuring the contact time T with 
reference to the waveform of the electric signals from the 
force detecting sensor or the acceleration detecting 

20 sensor, it is possible to determine the spring constant K 
of the object to be inspected 6 from the above equation 
<B>. 

Now, descriptions will be entered into the 
operation of the impact-type structure inspection apparatus 
25 according to the present example 1, in connection with 
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various candidate objects., namely objects to be 
inspected. When the honeycomb plate or board shown in 
Fig. which comprises a honeycomb core 22 and surface 

plates 24, is hit at the point shown by a:n arrow D, this 
5 object for inspection 6 shows a lower spring constant E at 
the peeled portion ^hown by 26 than at the other normal 
portions. In the bolt-fastened portion shown by 28 in Fig. 
3-B, the spring constant will be small where a slack 
exists. In the case of the concrete-placed structure shown 

10 in Fig. 3-C, the spring constant is low in the vicinity of 
the surface crack shown by 30. Further, in the case of the 
structure shown in Fig. 3-D, which has a wall surface 34 
supported by Joists or^ like supports 32, • the spring 
constant is high at the location of the joists or ' like 

15 supports 32, As stated above, where a structural^ change is 
present in the object 6, the contact time T shows a change 
in comparison to a normal portion in the object 6. There- 
fore, by comparing the detected length of the contact time 
T with the length of a reference time Ta, it is possible to 

20 display on a display device the result of a Judgment made 
concerning whether or not a defect is present in structures 
as described above. 

Using a honeycomb board having a paper core of a 
height of 12 mm and 0.8 mm thick aluminium plates on both 

25 surfaces and having a 0 46 mm peeled portion for the object 
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to be inspected 6, this board was subjected . to an impact 
force application by a hammer 2 weighing 140 g, when 
there were detected the pulse waveform of force F shown by 
the curve Y in Fig. 4 at the peeled portion in the board 
5 and the pulse waveform shown by the curve Z in Fig, 5 at a 
normal portion of the board* As can be seen, between the 
two curves Y and Z there is such a difference as nearly to 
be two times, and this difference is clearly shown by the 
apparatus shown in Fig. 1. 
10 [Example 2 3 

Now, transferring the reference to Fifr;. 5 to 11, 
a description will be given to an example 2 in which the 
inspection was. made by a' i>ortable automatic control* 
apparatus. Fig. 5 is a sectional view, showing the hammer 
IS driving part used in the present example 2, in which the 
hammer 2 has a hammer head 36 having an almost conical 
configuration, a force detecting sensor 4 and a weight 38, 
which altogether are made a one body by for example 
bonding. Also, an actuation rod 40 is connected to the 
20 weight 38, and an upper end portion of the rod 40 is made a 
plunger 42 made of a mild steel and housed in a casing of 
the hammer driving part 44, which comprises a striking coil 
46 for driving the hammer 2 towards the object for 
inspection through the plunger 42 and a return coil 48. for 
25 returning the hammer 2 away the object for inspection. 
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The force detecting sensor 4 comprises 
a piezoelectric element, detects contact of the hammer head 
36' with the object to be inspected and sends a detection 
signal to a control part. In greater detail, when, the 
5 hammer head 36 contacts the object that is not shown, a 
voltage corresponding to the reaction force of the object 
is generated at an electrode (not shown) of the force 
detecting sensor 4, this voltage being fed to the control 
part shown in Fig. 6 via a lead wire 10 (Fig. 6). 

10 The above voltage generated in the force 

detecting sensor 4 is put into a comparator 62 through an 
amplifier 50 in an input circuit 49, subjected to a 
waveform modulation and then put into an abnorinal i ty 
judgment circuit 54 and a hammer drive control circuit 55^ 

15 Further, the comparator 52 is fed with a reference voltage 
Va by a variable resistance 58 powered from a power source 
56 through a switch 57. 

The hammer drive control circuit 55 comprisies two 
flip-flops 60 and 62, an oscillator 64, a counter 66 and a 

20 comparator 68. The output side of the comparator 52 is 
connected to a reset terminal Rt of the flip-flop 60 and 
also to a set terminal Sa of the flip-flop 62 through a NOT 
circuit 70. Further, the bscillator 64 is connected to the 
input side of the counter 66, the output from which counter 

25 is put into the comparator 68 together with a reference 
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value put out from a reference value setter 72. The output 
from the comparator 68 is ied as reset signal to the 
counter 66 and also to the set tereminal Si of the 
flip-flop 60 and the reset terminal Ra of the flip-flop 
5 62. 

Output terminals Qi and Qz respectively of the 
flip-flops 60 and 62 are connected to the bases of 
transistors 74 and 76 respectively, through resistors 74 
and 76 respectively. Emitters of the transistors 78 and 80 

10 are grounded, and to the collectors of the transistors, the 
hammer striking coil 46 and a flywheel diode 82 are 
parallel connected. The flywheel diode 82 has its anode 
side connected to the colleqior of the transistor 78 and 
Its cathode side connected to the cathode of a Zener diode 

15 84. The anode of the Zener diode 84 is connected to an 
output variable power source 86 together with the hammer 
striking coil 46. * 

To the collector of the transistor 80, the return 
coil 48 and a flywheel diode 88 are parallel connected. 

20 The flywheel diode 88 has its anode connected to the 
collector of the transistor 80 and its cathode connected to 
the cathode of a Zener diqde 90, of which the anode is 
connected to the power source 86 together with the return 
coil 48. 
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Fig. 7 illustrates an example of the above- 
mentioned abnormality judgmen,t circuit 54, and this circuit 
comprises a counter 92, a controller 96, a comparator 98 
and a memory 100. The counter 92 receives the output from 
5 the comparator 52, pulse signals from the oscillator 94 and 
control signals from the controller 96. The output from 
the counter 92 is put into the compairator 98 and the memory 
100. The comparator 98 receives a setting direction from 
the controller 100, takes lii the value memorized in the 

10 memory 100 as reference value and compares it with the 
output signals from the counter 92, and feeds the result of 
the comparison to a display device or part 102 and an 
abnormality warning buzzer 103 (details in" t&ls respect 
will later be described with reference to Figs. 7 and 8). 

15 In the memory 100, such as an average number to be set by 
operating an abnormality setting knob 104, an impact 
strength setting knob 105 and an average number setting 
knob 106 and a reference value (later to be described) put 
out from the counter 92 are written by the controller 96. 

20 Further, the controller 96 receives a writing direction 
from a reference value setting button 108 and controls the 
display device 102 to alter the contents of display 
corresponding to the size of the output signals from the 
comparator 98. 

25 Nowi a description will be given the details of 

the display device or part 102 and the abnormality warnins 
buzzer 103 with reference to Fig. 8. The display device 102 



EP 0 351 430 A1 

-■■«•» 

^ * 9 9. 

■.-.««« 
1 .. J| 
• *• ^ 

comprises light emitting diodes 108G, lOSY, 108r and 108R, 
and further comprises a switching circuit 109 for 
controlling each of the above light emitting diodes and the 
buzzer 103. In greater detail, corresponding to the above 
5 light emitting diodes, a plurality (four in the case of the 
illustated embodiment) of comparators 110, 111, 112 and 113 
are connected parallel with output terminals of the above 
comparator 98. To the comparators 110 to 113, judgment 
value setters 114, 115, 116 aiid 117 are connected, 

10 respectively. The comparator 112 comprises a window coropa- 
ator. In the judgment value setter 115, two judgment 
values hi and ha arei set, while in the other judgement 
velue setters 114, 116 and 117, judgment values hi (for 
V example 10), ha (for example 20) and hs (for example 50) 

15 are set, respectively. 

The output side of each of the comparators 110 to 
113 is connected to the base of each of switches 118, 119, 
120 and 121 comprising transistors to be connected to the 
light emitting diodes 108G, 108Y, 108r and 108R by judgment 

20 signals issued from the comparator 98, and the comparators 
operate comparisons with the above judgment values hi, he 
and hs and put out singals for onr-off operation of the 
swi tches • 
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In greater detail, the comparator 98 calculates 
the largeness (ratio) of the contact time T put out from 
the counter 92 to the reference value Ta stored in the 
memory 100 (later to be described) according to the 
5 following equation: 

h = 100 X (T - Tfl)/T9 (6) 

and when h < hi, the comparator 110 puts out "1" (high 
signal), while when hi< h < ha the comparator 111 puts out 
"1". Also, when h > ha, the comparator puts but and 
10 when h > hs, the comparator ll3 puts out "1". 

The light emitting diodes lOSG, 108Y, lOSr and 
108R have their respective cathodes connected to respecity^ 
collectors of the transistors 118, 119, 120 a^^d 121 and 
have their respective anodes connected to the power source 
15 56 through resistances 122, 123, 124 and 125, respectively. 

This light emitting diodes 108G to 108R in the 
present example can display different conditions in 
different colors. That is to say, the light emitting diode 
108G displays a normal condition in green, the diode 108Y 
20 displays in yellow the condition in which the contact time 
is appreciably longer in comparison to a reference time 
length and in which a caution must be paid, and diodes 108r 
and 108R shows an abnormal condition in red. 
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A solenoid 103* for actuatln'g the buzzer 103 is 
connected to the collector of a switch 126 comprising a 
transistor connected so as to receive at its base the 
output from the comparator 112, and it issues alarm or 
5 warning sound when the diode 108r emits light. 

Fig. 9 shows a side elevational view of a 
portable impact-type structure inspection apparatus, which 
incorporates the hammer driving part 4, the input circuit 
49 and driving circuit 55 therefor shown in Fig. 6, the 

10 abnormality judgment circuit 54 for displaying the result 
of the inspection (Fig. 7), the display device 102 and the 
buzzer 103 (Fig. 8). 

The apparatus shown in Fig. 9 has a configuration 
facilitating the handling and the operation from the 

IS standpoint of the human engineering* and this impact-type 
inspection apparatus, generally shown at 130, comprises a 
main body 131 and a handle or grip 132, which are 
integrally fabricated. The main body 131 is provided with 
such as the impact strength setting knob 105, the abnorma- 

20 lity display level setting knob 104, the average number 
setting knob 106, light emitting diodes 108G, 108Y, 108r 
and 108R, and the buzzer 103. 

On the other hand, the handle 132 is provided 
with the reference value setting button 108 at a position 

25 facilitating the operation of this button by the thumb of 
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an operator's hand gripping at the handle and the power 
source swtching button 57 at a position facilitating the 
operation of this button by the forefinger of the same 
operator's hand as above. Also, at two sides of the hammer 
S 2, legs 133 are integrally provided with the main body 130, 
which has a triangular configuration tapered in the 
direction of from its base to i ts leading end. Further, in 
the impact-type inspection apparatus 130, such as power 
source batteries 56 and 86, the hammer driving part 44, the 
10 input circuit 49, the driving: circuit 55, the abnormality 
judgment circuit 54 and a switching circuit 109 are 
housed. 

The result of the inspection can be displayed in 
the above described manner or by any of such other means as 
15 letters, numerical figures or symbol marks, a difference in 
colors, a difference in the length of bars in a bar chart 
and so forth. 

Now, with the reference transferred to the time 
charts shown in Figs. 10 and 11, the operation of the 
20 impact-type structure inspection apparatus structured as 
above according to the present example will be described^ 
Hammer drive control: : 

Initially, the impact-type inspection apparatus 
130 is gripped at the handle 132 by a hand and the legs 133 
25 are pressed against an object to be inspected which is not 
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shown. As the power source switch 57 is then pressed in» 
the apparatus 130 starts operation and the counter 66 
counts t^e pulse signals generated by the oscillator 64 and 
feeds the calculated value to the comparator 68 (Fig. 6). 
The comparator 68 compares the calculated value from the 
counter 66 with a reference velue set by the reference 
value setter 72, and as soon as the calculated value 
reaches the reference value» puts out pulses as shown in 
Fig. 10. The output signals from the comparator 68 are 
fed to the set terminal Si of the flip-flop 60 as set 
signal and the reset terminal Ra of the flip-flop 62 as 
reset signal, and also to the counter 66 as reset signal. 
Wh^n it receives a* reset signal from the comparator 68, the 
counter 66 clears the calculated value and commence 
culculation of the output pulses from the oscillator 64 
again from 1 . 

When its set terminal Si receives the output 
pulse from, the comparator 68, responsive to the rise of 
that output pulse, the flip-flop 60 puts out "1" (high 
signal) from its output terminal Qt (Fig. 10), which signal 
"1" is fed to the base of the transistor 78 through the 
resistor 74 to actuate the transistor 78. Thus, electric 
current flows from the power source 86 to the striking coil 
46, the collector and the emitter of the transistor 78. and 
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as a result of this, the striking coil 46 generates 
magnetic force and drives the hammer 2 against the object 
to be inspected. 

When the hammer head 36 collides against the 
5 object and impart an impact force thereto, the force 
detecting sensor 4 comprising a piezoelectric element is 
compressed by the force of inertia of the weight 38 and the 
actuation rod 40 and by the rectlon force of the object, 
and during the time between when the hammer head 36 first 

10 contacts the object and when it then leaves the object as 
it is rebounded due to the reaction force of the object, 
the force detecting sensor 4 puts out a contact detection 
signal corresponding to the compression* force, as shown at 
top in Fig* ^11, to the amplifier SO. The amplifier 50 

IS amplifies the signal fed thereto and send an output signal 
as shown in the middle in Fig. 11 to the comparator 52, 
which compares the output from the amplifier 50 with the 
reference voltage Vb and puts out a signal of a pulse 
length correispondlng to the length of time of the contact T 

20 of the force detecting sensor 4 and the object. 

Output signals from the comparator 52 are put 
into the abnormality judgment circuit 54 and, at the same 
time, to the reset terminal Ri of the flip-flop 60 in the 
hammer drive control circuit 56 and the NOT circuit 70^ 

25 Thus, at the rise b of the singnal from the comparator 52, 
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namely at the initiation of contact of the force detecting 
sensor 4 with the object, the flip-flop 60 is reset, and 
the output from its output terminal Qi becomes "O" (low 

^ signal), whereby the operation of the transistor 78 stops, 
5 As a result of this, the flow of electric current to the 
striking coil 46 stops, and the before generated magnetic 
force and the force of driving the hammer 2 disappear. 

On the other hand, the flip-flop 62 receives at 
Itsi set terminal Sa the signals from the comparator 52 

10 through the NOT circuit 70, so that the fall c (Fig. 10) of 
the signal from the comparator 52 functioning as set 
signal, flip-flop 62 puts out "1" from its output terminal 
Q2 at the fafl c or, in other words, as the hammer 2 leaves 
the object/ As a result of this, the transistor 80 is 

15 actuated and electric current flows to the reiturn coll 48, 
which generates magnetic force arid returns the hammer 2 
away the object. 

As soon as the value calculated by the counter 
66, which resumed the counting again from 1 as i t received 

20 the signal from the comparator 68, reaches the reference 
value, the comparator 68 puts out pulse signals and feed 
them to the counter 66 as set signal and to the flip-flop 
62 as reset signal. Thus, at the rise d (Fig. 10) of the 
output signal from the comparator 68, the flip-flop 62 is 

25 reset and the output of its output terminal Qz becomes "0" 
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(shown at e in Fig. 10), whereby the opieration af the 
transistor 80 stops and the magnetic force generiated by the 
return coil 48 disappears. At the same time as this, the 
output signal from the comparator 68 is put into the set 
terminal Si of the flip-flop 60 and, in same manners as 
stated above, the flip-flop 60 puts out the "1" signal to 
the transistor 78 to actuate this transistor 78. As a 
result of this, electric current flows to the striking coll 
45, and the hammer 2 is driven towards the object to be 
inspected. 

When the hammer 2 collides against the object, 
the force detecting sensor 4 issues the contact 
detection signal, and at the rise f (Fig. 10) of the signal 
from the comparator 52, the output of the flip-flop 60 
becomes '•O", whereby the operation of the transistor 78 
stops and th^ magnetic force generated by the striking coil 
46 disappears. As the hammer head 36 then leaves the 
object, the output of the comparator 52 undergoes a rise as 
shown by g (Fig. 10) and the output of the flip-flop 62 
becomes "1'^, whereby the transistor 80 starts operation and 
electric. current flows to the return coil 48 to cause the 
hammer 2 to undergo the return motion. The above described 
cycle of operations is repeated. 

As described above, according to the method of 
hammer drive control of the present example, at the same 
time as the hammer 2 commences contact with the object, the 



EP 0 351 430 A1 



drivins of the hammer 2 is interrupted, so that it can take 
place that the hammer 2 is repelled or rebounded by the 
repelling force of the object, and it is therefore possible 
to correspond the length of. time of contact of the hammer 
5 2 with the object for the inspection to the internal 
structure of the object. Also, the return motion of the 
hammer 2 can take place at the same time as the hammer 2 
leaves the object, it is possible to completely correspond 
the length of time of the contact together of the hammer 2 

10 and the object to the internal structure of the object. 

Now, a description will be given the operation of 
the abnormality judgment, circiii t S4. 

InitiaJly» the legs 133 'of the impact-type 
inspection apparatus 130 are placed at a reference 

IS position, for example a normal portion, of the object to be 
inspected, and then the hammer 2 is driven as above 
described. As a result of this, the force detecting sensor 
4 detects the contact together of the hammer head 36 and 
the object and sends a detection signal to the comparator 

20 52 through the amplifier ,50. The comparator 52 sends 
signals of a pulse length corresonding to the length of the 
time of contact together of the hammer head 36 and 
the object to the counter 92 of the abnormality judgment, 
circuit 54 (Fig. ?)• 
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At or by the rise of the signal put out from the 
comparator 52, the counter 92 starts counting the pulses 
generated by the oscillator 94 and stops the counting at or 
by the fall of the signal from the comparator 52, 
undergoes clearing and puts out the counted value. When 
the reference value setting button 108 provided in the 
handle 132 is pressed, the controller 96 writes the counted 
value put out from the counter 92 in the memory 100 and 
also puts the counted value into the comparator 98 as 
reference value Tb. 

The comparator 98 takes in the calculated value 
(the contact time T) put out by the counter 92, carries out 
an operation according to the aforementioned equation C6) 
and puts cut the result of the calculation to ih€ display 
device 102. In the display device 102, when the value 
above calculated by the comparator 98 is smaller than the 
predetermined value or 10 as before described with refe- 
rence to Fig. 8, the light emitting diode 108G is energized 
in green, showing that the condition is normal at the 
inspected point of the object. Then, when the hammer 2 is 
driven to impart an impact force to an abnormar portion of 
the object, for example' a peeled point in a honeycomb board 
or tiled structure and when the time of contact T of the 
hammer 2 with the object, the honeycomb board or the tiled 
structure, is so long that the result of the calculation by 
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the comparator 98 exceeds 10, the li£ht emitting diode 108Y 
is lit in yellpw, showing an abnormal condition in the 
object. ^Further, when the result of the calculation is 20 
or exceeds this value, the light emitting diode 108r is lit 
in red and, at the same time, the buzzer 103 issues sound 
alarm, and if it is 50 or exceeds this, the light emitting 
diode 108R is also lit in red. 

As described above, according to the abnormality 
Judgment method of the present example, it is possible to 
judge whether or not an abnormal portion exists in the 
object with reference to or based on the time of contact 
together of the hammer 2 and the object, and the intended 
inspection of. an abnormality in the object can be made 
extremely easily and yet accurately in comparison to 
conventional comparable methods. Also, at the point or 
portion of an object for inspection at which it includes . a 
core member or the like inside, the object has a higher 
spring constant and the time of contact of the hammer 2 
with the object becomes shorter at such point or portion 
than at other points or portions of the object, and by 
making use of this fact, it is possible to inspect whether 
or not the object includes an internal core or the like. 

Further, the levels of the abnormality judgment, 
namely the values hi, ha and ha, can be appropriately 
adjusted at will by turning the abnormality display level 
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setting knob 104. For example, by turning the Jcnob 104, 
setting may be nade as Hi = 10, ha = 20 and ha = 50. Then, 
the controller 96 reads those set values. writes them in 
the judgment value setter 114, 115. 116 and II7, and 
5 controls the display device 102 to operate corresj»onding 
displays. 

The time of contact T of the hammer 2 with the 
object being inspected depends on the spring constant 
(rigidity) of the object as shown by the aforementioned 

10 equation (S) and as the spring contant is larger, the 
contact time T is shorter. Where the spring constant of 
the object is very large, the contact time T is very short, 
and the change AT of the contact time T is so small that it 
is then difficult to detect an abnormal portion. There- 

is fore, in the cases of objects having a large spring 
constant, preferably an impact force is applied by a hammer 
2 of a large mass to increase the AT so much that deteciion 
of an abnormality can be facilitated. Also, where the 
object to be Inspected has only a small thickness, the 

20 impact force to be imparted to the object may be small, but 
where the object has a large thickness, in which it is 
anticipated that an abnormality may exist in a deep point 
in the object, the impact force is likely to undergo 
dispersion and/or attenuation, so that it is necessary to 

25 apply an intense impact force. 
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Accordingly, the impact-type inspection apparatus 
of the present example is provided with the impact strength 
setting knob 103 so that by adjustably turning this know 
103, the intensity of the impact force can be adjusted. By 
5 truning the knob 103, the output of the power source 86 
changes and the intensity of the magnetic force generated 
by the striking coil 46 and the return coil 48 can change, 
whereby the velocity and the force of driving of the hammer 
2 can be changed and the intensity of the impact force to 

10 be imparted to the object can be changed. 

Further, the average number setting knob 106 is 
for directing the average number at which the counter 92 
averages and puts out the plttral i ty*" o/ detection signals of 
the force detecting sensor 4 and also for altering the set 

15 value in or of the reference value setter 72 ^hown in Fig. 
6 and altering the distance in which the hammer 2 is 
driven. 

Now, with reference to Figs. 12 to 14, a 
description will be entered into a modified embodiment of 
20 the hammer driving part. 

The hammer driving part 44 illustrated in Fig. 12 
includes a base 136, at an end portion of which an electro- 
magnet comprising an iron core 138 and a coil 46 is fixed. 
. The electromagnet is surrounded, by a 3-shaped bracket 140 
25 made of a soft iron, of which one leg 142 is pivotally 
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supported by the base 136, while the other leg 144 is 
disposed in front of an end of the base 136 with space from 
this end and has the hammer 2 fixed at Its lower end 
portion. The pivotably supported leg 142 of the bracket 
140 is formed with an engaging protuberance 146, and 
between this protuberance 146 and the base 136, a hammer 
returning spring 148 is mounted. Also, the bracket 140 has 
a contact 150 fixed at an upper portion thereof. When the 
bracket 140 returns to its prescribed return position, the 
contact 150 undergoes a contact with a fixed contact 152 
provided in the impact-type inspection apparatus 130. 

In operation of the hammer driving part 44 of 

. - • * ■ 

Fig. 12 structured as above,, when the power source is 
turned on by the power source switching button 57, electric 
current flows from the battery 86 to the coil 46 through 
the electric -contactsf 152 and 150 and magnetic flux is 
generated from the irpn core 138 to attract the bracket 
140, so that the hammer 2 fixed to the bracket 140 is 
driven towards below to impart an impact force to the 
object (not shown). When the hanmmer head 36 of the hammer 
2 undergoes a contact with the object, a contact detection 
signal is issued from the force detecting sensor 4, and 
upon this, the driving circuit 55 shuts off the electric 
current flowing to the coil 46. As a result of this, the 
magnetic force generated at the electromagnet disappers and 
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the bracket 140 is rotated in the clockwise direction by 
the force of the hammer returning spring 148, whereby the 
hamiiier 2 leaves the object and the bracket 140 is returned 
to its prescribed return position. When the bracket 140 
5 reaches its return position, the contact 150 undergoes 
contact with the fixed contact 152, and electric current 
again flows to the coil 46 and the hammer 2 is again 
driven. Then, the above cycle of operation is repeated. 

In the present example, too, the driving of the 

10 hammer towards the object is brought to halt by the 
detection signal from the force detecting sensor 4. 
Therefore, the hammer 2 can receive a reaction force 
correspnding to the spring constant of ^the object and can 
be returned to its return position by the hammer returning 

15 spring 148. However, the spring constant of the hammer 
returning spring 148 is constant, so that it is possible to 
let the time of contact T of the hammer 2 with the object 
correspond to the internal structure of the object, without 
the contact time t depending an the spring constant of the 

20 object. Also, now that the return motion of the hammer 
is effected by the hammer returning spring 148, it is 
possible to simplify for example the control circuit. 

The hammer driving part 44 shown in Fig. 13 
avoids the need of using the hammer returning coil 50 us^ed 

25 in the hammer driving part 44 shown in Fig. 6, and in place 
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thereof, a.hammer returning spring 146 is provided lb the 
plunger 42. In the hammer driving part 44 of the present 
example, electric current is caused to flow to the the 
transistor 78 by the output signal from the comparator • 66 
in Fig. 5, whereby the striking coil 46 drives the hammer 
2 toward the object. When the hammer 2 collides against 
the object, as before stated the flow of electric current 
to the striking coil 46 stops, and the haminer 2 is returned 
to its return position by the spring 148. 

Fig. 14 shows such an example of the hammer 
driving part 44 in which the hammer 2 is driven using 
compressed air. As shown, to an upper portion of a 
cylinder 156 in which the actuation rod '40 is received, one 
end of a pipe provided with a rotary valve 158 is 
connected. The pipe 160 is connected to a high pressure 
tank (not shown) and guides compressed air into the 
cylinder 156. 

At Its upper end, the actuation rod 40 is 
provided with a piston 162, and between this piston 162 and 
the bottom wall of the cylinder 156, the hammer returning 
spring 148 is interposed. The top wall and the bottom wall 
Of the cylinder 156 are formed with an exhaust port 164 and 
an exhaust port 166, respectively. 

In the case of the hammer driving part 44 
structured as above, the rotary valve 158 is opened by the 
output signal from the comparator 68 shown in Fig. 6, when 
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; compressed air enters the cyl ihder 156 to lower the piston 
i62 and drive the hammer 2* Then, the valve 158 Is closed 

by the contact detection signal issued by the force 

. ■ p - . • • 

detecting sensor 4, whereby the hammer 2 is returned to its 
5 return positiQii by the force of the hammer returning spring 
146 i 

Further, although in the above, descriptions of 
examples are made with reference to the inatance in . which 
the force detecting sensor 4 comprises a piezoelectric 
10 element, the force detecting sensor 4 may alternatively 
comprise any of elements or devices which can detect strain 
such as piezbresi stance elements and strain gauges. 
[Example 3] 

Now, a description will be given an example 3, in 
is which use is made of the hand operated hammer 2 shown in 
Fig. 1 and the display is made in terms of a pulse 
waveform. 

in Fig. 15, the acceleration sensor 4 detects the 
points of the generation and of the termination of a pulse 

20 signal waveform when the hammer 2. applies an impact force 
to the object to be inspected 6, and a change of accele- 
ration with the lapse of time, between the above points of 
the generation and the termination of the pulse signals, 
and feeds the results of the detection in the form of an 

25 impact pulse signal 168 to an amplifier part 170. The 
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amplified pulse signal S is subjected to an A/D conversion 
by an A/D converter 172, and the waveform of the converted 
signal' is displayed as a stationary image 174 oh the 
display device or part 102 comprising a cathode ray tube or 
liquid crystal. Separately j from a reference waveform 
memory part 176, a reference waveform 178 for comparison 
(usually the waveform representing a normal condition) is 
put into the display part 102 and displayed in close 
proximity to the above stationary image 174. Preferably, 
the two waveforms are diplayed for example in different 
colors or by differently bold or thick lines so that they 
can be readily discriminated visual ly. 

As described^ above, in the present example, the 
determined waveform is displayed in close proximity to the 
reference waveform (displayed in a juxtaposition), so that 
a structual abnormality can be easily told by visually 
ascertaining the degree of difference between the respec- 
tive waveforms. Also, when necessary, it is possible to 
carry but a judgment by comparing the determined waveform 
with a separately provided manual. 

Further, in the case of the modified example, 
shown in Fig. 16 in which an analysis of waveforms is dpe- 
rated, it is possible to feed the impact pulse signal 168 
from the sensor 4 to the amplifier part 170, subject the 
amplified p^ise signal S to an A/D conversion through an 
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A/D converter 172, calculate a characteristic value to do 
with the asymmetry from the converted signal by an 
operation part 180 which utilizes a micro-computer, and 
display the calculated characteristic value on a same 
display part 102 as above or display it in terms of ei 
numerical figure on a display device 102* which makes use 
of LED. Further, the display may be made by Way of 
changing sounds to be emitted by a sound generating device. 

With reference to Fig, 17 (a> to Fig. 17 CO, the 
above calculation of the characteristic value of asymmtry 
or symmetry made by the opertion or calculation part 180 
may be carried out by any of the following methods. . 

(1) To calculate the ratio to one another of -a length 
a and a length b respectively before and after a peak value 
B in a pulse waveform is reached CFig. 17 (a)I; 

(2> To calculate the ratio to one another of an angle 
of rise c at the time of the generation of the pulse 
waveform A and an angle of fall d at the termination of the 
pulse waveform A CFig. 17 (b)]; 

(3) To calculate the ratio to one another of an area 
e arid an area f respectively before ahd after the peak 
value B of the pulse waveform A CFig. 17 (c)]; and 

(4) To calculate the ratio to one another of an area 
e' and an area f respectively before and after the center 
C in the length of the pulse waveform A CFig. 17 (c)]. 
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Using the characteristic value calculated as 
above, it is possible to display the result of detection in 
the form of any of a pattern or picture, a multicolor view 
and a numerical figure on the display part 102 or 102', and 
5 tell a structural abnormality with ease by viewing at the 
displayed inspection result. 

Now, a description will be entered into the 
result of tests operated using the apparatus shown in Fig. 
16. Of a structure assembled by fastening by bolts as 
10 shown in Fig. 18. the condition of the fastening was 
inspected. In Fig. 18. the condition of the fastening was 
inspected of the portion of a steel-made structure 6 at 
which a bolt 184. inserted through a bore 182 through the 
structure 6 is fastened by a nut 188 through a washer 186. 
IS In the present example, by the hammer 2 equipped 

with the sensor 4 comprising a force detector or an accle- 
ration detector using for example a piezoelectric element 
or a strain gauge, an impact force is applied in the 
direction of shearing of the nut 188 or the bolt head 184 
20 fin the direction perpendicular to the axis of the bolt 
184), and the signals Ql>tained by the sensor 4 were elect- 
rically processed to obtain >aveforms, which were compared 
with the various waveforms illustrated in Fig, 20 to 
determine the condition of the fastening. 
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When hit by the haniiner 2, the object being 
inspected undergoes damped oscillation, so that the model 
- views shown in Fig. 2 (a) to Fig* 2 (e> are more accurately 
shown as in Fig. 19, from which it is seen that the spring 
5 constant Ka, the miass ma and the damping force Cz in the 
portion supporting the point of impact application support 
the spring constant Ki and the damping force Ci at the 
point being applied with the impact force. 

Further, in the model view of Fig. 19, if the 

10 spring force K2 in the portion supporting the point being 
hit is very large or if the mass ma is very large, this 
corresponds to the case in which ah object of the spring 
constant Ki is hit by a hammer 2 of the- mass mi. Depending ^ 
on the difference in the values of the spring constant Ka 

15 and the damping force Ca, the force F acting between the 
hammer and the point being thereby hit generally takes such 
eight different waveforms as illustrated in Fig. 20, in 
which the spring constant Ka are varied and the cases of a 
large damping force Ca are shown on the left side, while 

20 the cases of a small damping force Ca are shown on the 
right side. 

In applying impact force to the bolt head 184a 
or the nut 188 by the hammer 2, when a sufficient axial 
tension is generated in the structure, namely when the 
25 spring constant Ka in the support portion Is 00 as shown in 
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the stage D in Fig. 20, the pulse waveform A then 
determined takes a form virtually symmetrical with respect 
to tKe plane passing through the peak value B regardless 
whether the damping force C2 at the support point is large 
S or small (the left and the right views on the stage D in 
Fig. 20), but as the axial tension gradually lowers, 
changes take place in such as the pulse length and the 
areas before and after the peak value B is reached as 
illustrated in the stages C and B in Fig. 20. 

10 It was also found that in a condition in which 

the bolt is almost completely loosened, there become a 
plurality of pulses generated as shown in the stage A in 
Fig. 20. That is to say, the pulse waveform undergoes a 
gradual change from a symmetrical one to an asymmetirical 

15 one. " 

The view in the stage A in Fig. 20 represents the 
instance in which the hammer 2 and the object underwent 
mutual collision two times (occasionally more than two 
times). This phenomenon occurs when the spring constant K2 

20 in the portion supporting the point being hit is so small 
that, the hammer once leaves but again contactis the support 
portion of the point being hit. 

In practice, the left side view on the stage A in 
Fig. 20 shows the case in which the damping force Cz is 

25 large, and shows that at the first collision, a large pulse 
was generated, while the second collision produced a small 
pulse. 
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In contrast to the above, the right side view on 
the stage A in Fig. 20 shows the case of a small damping 
force Ca,. in which the second pulse is larger than the 
first pulse. This means that by the first impact of the 
hammer, the mass ma mbved only lightly/ and then the force 
F Increased at the time of the second collision with the 
velocity reversed. 

In the vievs on the stagesi B and C in Fig. 20, 
where the rigidity (= spring constant Ka) was relatively 
great in the portion supporlng the point being hit on the 
object, a two-time collision did not take place, but the 
position o^f the peak was moved to an early stage in the 
cases oi the left-side views and to a later stage in the 
cases of the right-side views for same reasons as above 
considered in the cases of the stage A views. 

The present invention has been made as a result 
of paying an attention to the above considered changes in 
the waveform occurring when a structure is subjected to an 
impact force application, and according to the invention, a 
change in the symmetry of pulse waveforms due to a change 
in the rigidity in the portion of the structure supporting 
the point of the impact force appl ication is detected to 
determine any abnormality in the structure^ 

In practice, the objective structures for the 
inspection are such ones which include a part fastened by 
for example bolts and honeycomb structures, and typical 
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means for detecting an asymmetry of pulse waveforms is the 
ratio of the length of the pulse waveform between the point 
of its generation and its peak value to the length between 
the peak value and the termination of the Ipulse waveform. 
5 In one of the inspection methods according to the 

invention, signals of the pulse waveform detected by a 
force detecting sensor or an acceleration sensor are 
subjected to an A/D conversion and then displayed on a 
cathode ray tube or a liquid crystal display together with 
10 a reference waveform such as a waveform at a normal portion 
in the structure, to carry out a visual examination of a 
waveform difference. According to another method of the 
invention, the above signals subjected to the A/D 
conversion are fed to an operation part, by, which a charac- 
15 teristic value concerning the asymmetry of the pulse 
waveform is calculated, and the characteristic value 
obtained is displayed on a display device or part to 
examine the symmetry of the piulse waveform. Alternatively, 
it can also be made to judge the degree of an abnormality 
.20 by telling the deviation of the characteristic value from 
the value obtained at a normal portion of the structure. 

The bolt 184 and the nut 188 used in the actually 
conducted tests were of 22 M # and had respective weights 
as shown in the following Table 1. 
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1 

the 


weight 


of 


bolt ^ about 0.31 kg 


the 


we i gh t 


of 


nut ^ about 0.12 kg 


the 


we i ffh t 


of 


washer ^ about 0.043 kg 


The 


weight 


of 


the hammer 2 was 0.25 kg. 



variety of waveforms of the force F acting on the sensor 4 
attached to an end portion of the hammer 2, four typical 
ones are shown in Fig. 21 (a) to Fig. 21 (d). 

The force of fastening in the axial direction of 

lO the bolt 184 was varied between 1 to 22.55 tons, but in the 
drawing figures only the cases of 1, 2, 4.5 and 22.55 tons 
are shown. . 

In Fig. 21 (a) to Fig* 21 (d), the time is taken 
on the. axis of abscissa (unit length: 1 ji sec) and the 

15 amplitude of the sensor is taken on the axis of ordinate 
(unit length: 500 kgf). 

As shown in Fig* 21 (a), where the axial tension 
is 1 ton, there were obtained a large or high pulse A and, 
with a time lag of 240 /& sec, a small or low pulse A*. 

20 When the axial tension was 2 tons, as shown in. Fig. 21 (b) 
the length between the initiation and the termination of 
the waveforms A and A* was shortened as to be 180 jl sec. 
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When the axial tension was 4.5 tons, then, as 
shown in Fig, 21 Cc) the pulse waveform appeared as the 
single pulse waveform A, in which the pulse length b after 
the peak value B is greater than the pulse length a before 
5 the peak value B. 

When the axial tension was further increased to 
22.55 tons, as shown in Fig. 21 (d) the ratio of the pulse 
length b after the peak value B to the pulse length a 
before the peak value B,b/ap is nearly 1, and the pulse 
10 waveform is symmetrical with respect to the plane passing 
through the peak value B. 

The following Table 2 shows results of 
determinations of the pulse lengths a and b, and the pulse 
rise angle c and fall angle d of the above pulse waveforms* 
IS Table 2 



axial tension 


a 


b 


c 


d 


b/a 


c/d 


I- 


69 


309 


77 


47 


4.47 


1.64 


2 


64 


240 


74 


43 


3.75 


1.72 


4.5 


68 


147 


76 


40 


2.13 


1.90 


22.55 


85 


92 


74 


69 


1.08 


1.07 



From the above Table 2. it is seen that in the 
cases of loosening of the bolt shown in Fig. 21 (a) to Fig. 
21 (d), where a normal condition exists, namely where, the 
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bolt is in a condition of being fastened at the prescribed 
value, b/a i.o, but that as the degree of loosening of 
the bolt is greater, this ratio b/a increases. 

In actual lty» bolts of 22 M ^ or of a diameter 
5 close thereto are used in bridges and so forth. According 
to what has been ascertained by the investors of. the 
present invention, in the cases of such bolts, the weight 
,of the hammer 2 is preferably 0.1 to 1.0 kg or, more 
preferably, 0»15 to 0.7 kg in terms of ihe effective mass 

10 of an impact applying body for the impact application, 
including a force detecting sensor or an acceleration 
sensor but excluding parts which do not move such as the 
handle of the hammer. 2. 

In the cases of honeycomb structures, even if the 

IS condition is normal, the pulse waveform is not symmetrical 
with the peak value as the center of the symmetry as 
opposed to the cases of bolt fastened structures^ and the 
pulse waveform is asymmetrical such that it is mdre gently 
sloping in a first half portion before the peak value in 

20 comparison to the remaining latter half portion. When the 
degree of peeling between the surface plates and the core 
Is greater, the waveform approximates a symmetrical one. 
This is because although insofar as it is in a normal 
condition, a honeycomb structure can function as the spring 

25 constant Ka and the damping force Ca in the portion 
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supporting the point being hit, as a peeling takes place 
between a surface plate and the core of the honeycomb 
structure, the effect of the K2 and C2 becomes lost and the 
surface plate alone responds to the impact force appli- 
cation. 

Tests of a honeycomb structure was conducted, 
which will now be described* 

in a honeycomb composite board having a 10 mm 
thick honeycomb, core of paper and 1 mm thick aluminium 
plates attached on both surfaces of the honeycomb core, 
peeled portionis of # 15 mm and A 25 mm were formed. Then, 
each of a normal portion H, the ^ 15 mm peeled portion I 
and the 0 25 mm peeled portion J was hit by a hammer of 240 
g. Measured values of the impact forces F in the impact 
tests are shown in the form of pulse waveforms A in Figs. 
22 (a), 22 Cb) and 22 (c). 

In the pulse waveform A found at the normal 
portion H, the b/a value was so large as to be 2 as shown 
in Fig. 22 (a), but this value b/a became increasingly 
smaller in the order of the peeled portion I shown in Fig. 
22 (b). In which b/a was 1.48, and then the peeled portion 
J shown in Fig. 22 (c), in which b/a was 1.4. 

That is to say, in honeycomb structures, the 
pulse waveform A. changes from an asymmetrical one to a 
symmetrical one as the degree of peeling is greater, so 
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that as In the case of the above described bolt-fastened 
structure, it is possible to know a structural abnormality 
by detect^ing and judging pulse waveforms. 

Although the above described examples are limited 

• ■ - ■■ ■ f ; 

5 only to the cases of detection of a loosening of a bolt and 
a peeling in a honeycomb structure, it will be apparent 
that the present invention is not limited only to such 
specific examples. For instance, according to the 
invention it is also possible to detect the generation of a 

10 crack in a support portion in a structure, in whidh the 
rigidity in the support portion undergoes a change, so that 
in same manners as described above, the generation of crack 
can be detected. 

As described in detail above, according to the 

15 method of and apparatus for impact-type inspection of 
structures of the present invention, a hammer is collided 
against an object to be inspected and a measurement is made 
of the time between the hammer contacts the object and it 
is then caused to leave the object by the reaction force of 

20 'the object, the force acting on the hammer and the object, 
or the acceleration of the hammer, and by this, it is 
possible to bring about various advantagesf, such as 
follows: (1) It is possible to detect an abnormal portion 
in the object visually by comparing the result of detection 

25 with the prescribed reference or criterion as opposed to 
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I* 

the prior art technique relied on an inspector's acoustic 
organ, so that no particular skill is required in operating 
the inspection; (2) it does not occur that due to an 
inspector's fatigue after a continuation of the inspection 
5 for a long time, judgment tends to be unstable; C3) the 
Impact force application can be carried out either manually 
or mechanically, so that the inspection according to the 
method or using the apparatus of the invention can be 
applied to a wide range of utility depending on particular 

10 purposes of the inspection; C4) the length of time of 
contact together of a hammer and an object to be inspected, 
caused by a hitting with the hammer against the object, is 
so short that by carrying out an automatic and high speed 
hitting or a parallel hitting operation^ li is-pdssible to 

15 rationally enhance the speed of the inspection; (5) even if 
an object to be inspected is at a dangerous location, it is 
possible to operate the inspection without the need of an 
inspector coming up to the location, of the object for 
inspection, so that the inspection can be carried out at 

20 safety; and (6) the inspection can be worked even in noisy 
places» 
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CLAIMS 

1. A method of impact-type inispectlon of structures 
characterized by mounting a pressure sensor or an accele- 
ration sensor on a hammer capable of applying a nqnr 
destructive impact force to an object to be inspected, 
calculating the time in which the hammer is kept in contact 
with the object based on a signal put out at the time the 
hammer is driven to hit the object, and displaying the 
calculated time. 

2. A method of impact-type inspection of structures 
characterized by mounting a pressure sensor or an accele- 
ration sensor on a hammer capable of applying a non-* 
destructive impact force to an object to be inspected, and 
displaying, in close proximity to a reference waveform, a 
waveform during the time in which the hammer is kept in 
contact with the object, determined from a signal put out 
at the time the hammer is driven to hit the object. 

3. A method of impact-type inspection of structures 
characterized by mounting a pressure sensor or an accele- 
ration sensor on a hammer capable of applying a non- 
destructive impact force to an object to be inspected, and 
displaying the length of time in which a waveform during 
the time in which the hammer is kept in contact with the 
object, determined from a signal put out at the time the 
hammer Is driven to hit the object, reaches a peak value,. 
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the length of time between the waveform takes the peak 
value and then takes a value of zero, a characteristic 
value showing a ratio of one of the above two lengths of 
time to the other, or a value of a function having the 
above lengths of time and/or characteristic value as 
factors. 

4. A method of impact-type inspection of structures 
characterized by mounting a pressure sensor or an accele- 
ration sensor on a hammer capable of applying a non- 
destructive impact force to an object to be inspected, and 
displaying the rise angle and the fall angle of a waveform 
during the time in which the hammer is kept in contact with 
the objects a characteristic value showing a ratio to one 
another of the rise angle and the fall angle or a value of 
a function having the above rise angle, the fall angle 
and/or chararcter is t ic value as factors. 

5. A method of impact-type inspection of structures 
characterized by mounting a pressure sensor or an accele- 
ration sensor on a hammer capable of applying a non- 
destructive impact force to an object to be inspected, and 
displaying waveform areas before and after a peak value ^ in 
a waveform during the time in which the hammer is kept in 
contact with the object, a characteristic value showing a 
ratio tp one another of waveform areas before and after an 
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appropriate point Of the time in which the hammer and the 
object are in contact with each other, or a value of a 
function having the above waveform areas and/or character- 
istic value as factors* 
5 6. A method as claimed in claim 1, 3, 4 or 5, 

characterized by comparing a signal put out during the 
contact of the hammer with the object or a processed signal 
of the above signal with a reference signal and displaying 
the result of the comparison. 

10 7. Apparatus for impact-type inspection of 

structures, characterized by comprising a hammer capable of 
applying a non-dfestruct ive impact force to an object to be 
inspected and provided with a sensor for detecting a force 
or an acceleration, processing means for processing a 

15 detection signal from the sensor, and display means for 
displaying a processed signal. 

8. Apparatus as claimed in claim 7, characterized in 

that said processing means for the detection signal from 
the sensor includes a comparison operating part for 
20 comparing the detection signal with a reference signal and 
an abnormality level Judging part judging the degree of an 
abnormality in the object based on an output from the 
comparison operating part, and in that said display means 
includes means for changing the contents of display 
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depending on the presence or absence of an abnormality in 
the object or the degree of an abnormality according to the 
result of a judgment by the abnormality level judging part, 

9. Apparatus as claimed in claim 7, characterized by 
5 including a hammer driving device for imparting a driving 

force to move the hammer towards the object to be 
inspected, and a control device issuing a signal to remove 
the driving force responsive to adetection signal put out 
from a sensor for detecting a force or an acceleration 
10 generated when the hammer contacts the object, 

10. Apparatus as claimed in claim 7 or 8, 
characterized in that the sensor for detecting the force 
comprises a piezoelectric ceramic. 

11. Apparatus as claimed in claim 7 or 9, 
15 characterized in that the hammer is driven by electro-^ 

magnetic force or injection force of compressed air» from a 
driving means. 

12. * Apparatus as claimed in claim 7, 8 or 10, 
characterized in that the hammer is provided with a 

20 return spring. 
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FIG. 12 
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FIG. 21 (a) 
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FIG. 21 (c) 
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